ASSEMBLING THE 
POPULAR ELECTRONICS 


HIGH-QUALITY, LOW-COST 


MINIATURE DIGITAL VOLTOHMMETER 


This is an up-graded version of the original Popular 
Electronics “Low-Cost Digital Voltohmmeter’™ that ap- 
peared in our December 1968 issue. Assembly has 
been eased, accuracy and stability improved, and the 
instrument may be constructed for a dollar outlay of 
less than the 1968 prototype. Detailed specifications 
appear on page 45. Full assembly details are published 
in this issue. 


Lc ISN'T OFTEN that yon sec a small, 
empact digital voltolmmeter with Ni 
tube readont that doesn’t cost at least sev 
lundzed dollars. The “Mini-DV M” deser 
here is a seven-range, high-impedance digital 


voltolmmeter with 1% accuracy that can be 
built for abont the cest of # better 
analog mullimeter. It nses 244-\ecade Nixie- 
tube nnmeric display to indieate—brightly 
and unambignously—any d.c. veltage frem 
10 millivolts to 200 volts or any resistance 
yalue trom 1 to 200,000 olms. It has internal 
self-calibration and zeroing. 

The Mini-DV can be assembled in its ewn 
case or the internal clectronics am be used as 
a 0-199 digital eennter or pancl meter to indi- 
eate digitally any quantity that can be con- 
verted into a 0-2-volt d.c. sigual driving a 
Lmegolim load. Complete technical specifiea- 
tions are given in the Table. The instrument 
consists of x counter module, a, power mod- 
we, and some ease-mouuted! controls and 
components. 
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Ain nor supstiture 


Counter Module Construction. ‘lic 
schematic of the counter module is shown in 
Fig, 1, A printed cirenit hoard is essential Jor 
this module. You can pu 8 One as nent 
tioned in the P; 
ewn using the etching guide shown in Pig 
and the drilling instructions in Pig. 3. 

In laying out the components as > 
Fig. 4, make sure that the jumpers 
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wires) are positioned exaetly as shown and 
flat insulated slecving is used where it is 
needed. 

Note particnlarly the orientation of the 
semiconductors, diades, TC's, etc. There are 
theee diferent kinds of ba 
the transistors sisturs “point” 
the same way, except for Q6. The IC's are 
identified by a dot and uotch. Note that 705 
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and 7€6 go in “upside down” with respeet to 
IC1-1C4. Alse, be careful not to mix up the 
two calibration potentiometers, 22 and £76. 
The warning, “Do Not Substitute,” on some 
parts in the Pazts List shonld be observed 
since subtle changes in performance may re- 
sult from apparently reasonable alternatives. 
Use a low-wattage soldering iron and fine 
solder to install all conrponents. 
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PARTS LIST 
COUNTER MODULE 


Cl-0.1-xF, S0-volt Mylar capacitor 

€2—1000-pF polxstyrene or mice capucitor 

€24—0-800-pF polysiyrene or mica cupacitor 
us needed (see text) 

C3-1004F. S0xolt electrolytic capacitor 

. 10-volt electrolviic capacitor 

isc ceramic cupucitor 

10-volt disc ceramic capacitor 

DI,D6—INI734 5.6-v0le zener diode (do not 
substitute D1) 
2.D3.D5—Silicon computer diode (1N914 


or similar) 
D4—27-rolt, 1-watt zener (1N4750 or similar} 
FCI Qui” ucodinime gute (Motorola MC- 
4P) 


Ich 1€3—Decuile covnter (Motorola MC7B80P) 
1C£--Duol JK Flip-flop (Motorola MC791P) 

1€5,1C6—Low-level 1/10 decoder (Motorule 
MC770P) 

Qi—Transistor (Motercla MPS6521, do not 
substitute) 

Q2—Transistor (Motorola MPS6523, do not 
substititte) 

Q3-06—Trunsistor (Motorola MPS2923 or 
2N2923) 


Q7—Trunsistor (Texas Instruments TIS43, do 
not substitute) 
8-029—T runsistor (Sprague 2N3877, do not 
substitute) 

RI—10-megohm 

R3—3.3-megohm 

R468-ohm 

R5—2700-0hm 

RO—480.000.ofim 


RBR23.R24.J Ror -33,000-oho1 | AU resistors 
R9.R20—4700-ohm Yarcatt 
RI0,R21,R22—6800-ohm 

RI—330-ohm 

RI7T—3300-ohm 

RIB.R28.R29—1000-ohm 

RI9—12-ohm 

R25,R26—68.000-ohm | 

R2—10,000-ohm, PC-mount linear potenti- 
meter 

R12—565,000-ohm, 1% precision resistor 

KI3—60.400-ohn. 1% precision resistor 

R1d—5900-ahm, 1% precision resistor 

RI5—590-ahm, 1% precision resistor 

RI6—250-ohm, PC-mouns linear potentiometer 

V2_Nixie tube (Burroughs B-5750) 

V3—Neon bulb (Signalite 4-261) 

Misc—Printed circuit terminuls (21, option- 
al) ; #24 solid wire for jumpers; insulated 
sleeving; snap-in mounting shucers (8) ; 
solder: ete, 

Note—The following is available from South- 
west Technicul Products, Box 16297, San 
Antonio, TX 78216: etched end drilled PC 
bourd, $6.75, postpaid, insurance extra. 


Fig. 1. The schematic has been broken into 
two parts. This section contains the voit. 
age-to-frequency converter, the reset and 
unblanking circuit, and the ohms constant- 
current source. Circuit continued overleaf. 
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The second half of the circuit 
contains the units, tens, 1, and 
overrange indicators. Only the 
units decade is shown in detail 
as the tens decade is similar. 
The overrange indicator is con- 
ected to terminal marked "X". 


‘The Nixie indicators may he monnted either 
using the plastic basing guide as am insertion 
aid: or the leads may be ent diagonally 
that progressively shorter leads > ine 
serted two at a time until the tbe is sealed. 
Be carefnl to have both Nixie tubes vertical 
when yon finally solder them in place. Atso be 
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UNITS 


sure that the tube leads are pulled all the wi 
flaongh the PC beard: a bent or shovti 
lead inside the plastic insertion gnide can be 
very dificult to fix after the tube is soldered 
in place. 


ng 


Power Module Construction. ‘lic coun- 
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TENS 


ter module requires 3.6 volts at 100 ma. 180 
volts at 5 mA and 30 volts at 35 mA for 
power, ‘These are provided by the power 
module whieh is dxiven hy a power trasform- 
ex. The power module (see Fig. 5) has a full 
wave center-tapped rectifier for the hist 
voltage and a similar one For the hw voltage, 
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with 30 volts derived Uirough a dreppin 
sistor, Wateh the diede polarity: and, if di 
ferent breakdown voltage ratings are used for 
te low-voltage diodes, he snre not to inter- 
ere them. 

While a printed cireuit board is not exsen- 
tial for the power module, it is convenient. 
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Fig. 2. Actual size foil pattern can be duplicated if you are very careful or use photog- 
raphy. tf you don't feel up to it, a commercially made, pre-drilled board is available. 


Au etelting guide and drilling instructions are actual contact can shorten the capacitor’s 


shown in Figs. G and 7 respectively. Com- life. 
ponents are memted as shown in Fig. 8. 
Watch the polarities on the diodes and the Assembly. Four plastic spacers are used 


electrolytic capacitors. Be certain that PZ is to mount the power supply module over the 
spaced well away from the eleetrolyties since counter module (see Fig. 9). The spa 
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Fig. 3. Once board has been made, esee 
drill various holes as shown here. 


“#67 DRILL, 1/16" DRILL & SET. 


‘OPTIONAL (2I) 
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TECHNICAL SPECIFICATIONS 
MINI-DVM 


Ranges D.c, volts: 0-2, 20, 200 
Ohms: 0-200, 2000, 20,000, 
200,000 t 
Range extendable to anything 
that can be represented 
by a variable 0-2-volt 
d.c, signal. 
Input Impedance 0-2 volts: 1 megohm 
(voltmeter) 0-20 voits: 1 megohm 
0.200 volts: 10 megohms 
0-200 ohms: 10 mA maximum 
0.2000 ohms: 1 mA maximum 
0-20.00 chms: 100 A 
maximum 
0-200.000 ohms: 10 4A 
maximum 


Input Current 
(chmmeter) 


should have sheulders on both ends and suit- 
able holes may be drilled in both PC boards. 

The over-all wiring of the Mini-BVM is 
shown in Pig. 10. While the photographs 
show the prototype mounted in an 8” X 234” 
x 4” two-piece metal enclosure, any other 
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RUSE SLEEVING 


Resolution One part in 200, any range 

=5 mv, 0-2-volt range 

0.5 ohms, 0-200-ohm range 

Better than +1% over most 
portions of most ranges 

Internal calibration with 1.35- 
volt diode standard 

Less than 1 count drift per 20 
minutes after 15-minute 
warmup 

Dual input filter plus fixed 
phase measurement with 
respect to power line 
hum and noise 

60 measurements per second. 
Instrument integrates input 
for 8,33 milliseconds and 
displays for 8.33 milli- 
seconds. 


‘Accuracy 


Stability 


Noise Rejection 


type of hionsing may be used, as long as a 
2%” X 1” opening for the readout is pro- 
vided. 

Five-way binding posts, spaced 94” apart 
shonld also be provided on the front panel for 
input terminals JZ and J2. In addition, holes 


J=JUMPER 


Fig. 4. Take your time when installing the components to make sure you 
insert the IC's and transistors properly. Certain jumpers are insulated 
to remove the possibility of shorts when all components are installed. 
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The Mini-DVM consists of two elements: a 
eater module and a power sapply module. 
The operation of the power supply is straight- 
forward and will not be discussed here. On 
the counter module there are two principal 
circuits: the counter and the 2¥%-lecade dis- 
play. In the following discussion, referenee 
should he made to Fig. 1 as well as the dia- 
grams shown here. 

The counter circnit is made up of a timing 
gate generator «/C/}, a display unblanker 
1Q6), a voltage-to-current converter (Q7. Q2, 
Q3), a gated oscillator (Q4. Q7), an ohm 
meler current senree {Q5). and a 1.35-volt 
calibration reference source. 

The timing gate gcnerator takes a split 
phase 60-Hy reference from the power line via 
T? (waveform Et aud ses it to drive a sel 
reset [lip-tlop in ICf. Thix produces a sharn- 
rise sanare wave that is initially grounded for 
8.33 milliseeonds and then is positive for 8.33 
milliseconds twaveform A). 

‘At the beginning of each measure eyele, the 
square wave suddenly drops to zero. producing 
a reset ontpnt pulse that “erases” any number 
that was in the conuter aml readont. this re- 
setling the courier to 000. At the same time. 
drive is removed from the unblanking tr 
sistor (Q6), which turns the display olf. Sim- 
ullaneonsly. drive is remeved from the gating 
transistor (Q4), allowing the oscillator to 
operate. 

Thus. for the first half cycle, the gated oseil- 
lator is allowed to run and the initially reset 
connter accunmlates the desired 0-199 counts 
in proportion to the input voltage. On the sec- 
ond half of the cycle. the ¥/F converter is 
stopped and the display is umblanked. or 
turned on. The counter “keeps” the total 
count presented to it on the first half cycle 
and the display in turn presents it as a visual 
output. 

‘The dime that the gated oscillator is allowed 
to min is a constaut £33 milliseconds, The 
frequency is determined by the input current 
lo the gated oscillator. which in turn is pro- 
portional to the inpnt signal voltage, By suit 
able scaling. the total number of cennts per 
measttrenient interval is made to relate 10 the 
input voltage, As @ result. for example, an 
input of 1.35 volts prodnces [35 connis, 


With SZ in any of the olms positions, the 
input is conneeted directly to the counter 
module and the ohmmeter eurrent sonree is 
switched to provide the proper current. 

The fifth deck of SZ is a snap-action power 
switel: (S12) which turns the power input ta 
the meter on and off. 

Power transformer 77 monnts on the bot- 
tom: of the cliassis, behind the sclector switeh, 
while the fuseholder fits on the rear wall of 
the chassis. After all mechanical parts are 
mounted, wire the Mini-DVM togetlier os 
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HOW IT WORKS 


‘The input voltage is applied to impedance 
matcher Qi and voltage-to-rurrent converter 
Q2. The inpnt signal is protected by DI and 
an input offset compensation is provided by 
RI and RZ. Transistor Q3 is a current sink 
that constantly removes 100 microamperes of 
Q2's collector current to make the cotiversion 
process very linear, The zero input evtrrent is 
dotermined hy the front-panel ZERO potenti 
ometer. while the scnling or gain is controlled 
by the CAL potentiometer and &5. 

The gated oscillator performs the current: 
lofrequency conversion, The outjut of uni- 
junction tvausistor Q7 consists of pulses ap- 
pearing across R19 twaveform C). Transistor 
Q¥ provides the gating that determines heth- 
er Q7 is allowed to oscillate. Waveform B can 
be nicasured only with a 10-megolim scope 
probe. 

The display cirenit is an improved version 
of the circnit used in the “Numeric, Glow Tube 
DCU* described in Perurar Ex 
Febrnary 1970. 

The first two decades are identical to each 
other. They start with a decimal counter {/€2 
or 1€3) driving a 1-of-10 low-level decoder 
uIGS or 1€6). The decoder drives ten high- 

= (Q8-Q17 or QI8.Q27) 
e the Nixie mbe. 

rine aati car gitehe siete ae tie 
flop to serve both as a 100up counter and a 
200-np overilow latch. Each half drives a neon 
iamp—the first one aligned with the Nixies to 
produce a “1” and the second mounted on the 
Hoyl gxaAl Gotan quent cocaine lane 

The alimmeier current sower is Q5, whose 
hase voltage is fixed by D6 (adjusted slightly 
by R16) and temperature-compensated hy D5. 

i; r resistors are swlecied to yet the four 
valnes of obmmeter current needed (0.01, 0.1. 
Land 10 mA). av well as the 1) mA for the 
1.35.volt calibrate diode. The emitter is left 
unconnected to disable the current source for 
the input voltaze tanger, A resistance mea. 
surement is made by delivering the selected 
ainount of wurrent to tle resistor under test 
and then usiug the Mini-l)VM to measnre the 
resultant voltage drop. This method provides 
a great couvenience over the normally 
cramped and highly nonlinear ohtmmeter 
scales common to mes! analog mudtinete 


shown in Fig. 10. The two modules are 
attached to the bottom ofthe chassis using 
four plastie snpports. 

Put four non-skid mbber fect on the bot- 
tom of the chassis, making save that the bael 
ones are direetly along tle rear wall. ‘This 
pennils standing the case on the swivel han- 
dle. The handle is fabricated as shown in fle 
photographs and should be attached to the 
chassis so that it can swing and be nsed either 
as a enrrying handle or a support. 

A polarized orange filter should be glued 
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with epoxy to the back of the display opening. 
The filter orientation is critical and the filter 
should be installed to provide the darkest pos- 
sible interior when the interior is illuminated 
and viewed from the outside. 


Checkout and Calibration. With the se- 
lector switeh off, plug the Mini-DVM into a 
colt, 60-Hz power sonrec. Now place the 
selector switch on ZER@ andnote that the two 
Nixie tubes glow with some number. If the 
instrument has been properly wired, varying 
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SK weASURE ONLY WITH IO MES.SCOPE PROBE 


the ZER@ control should cause the display to 
‘om 0.00 to about 0.40 with the 0.01 
indication at abont the middle of the range 
control. The proper setting for the ZER@ 
control is just before the mumeral one is lit en 
the right-hand side. 

Put the selector switch on CAL and note 
that the Nixies and the ucon 1 indicator are all 
lit. With the selector switeh in this position, 
adjusting the CAL control can vary the read- 
ing by about 60 counts, depending on the 
particular unit. If the operation scems nor- 


49 


mal, add up to 800 pF of capacitance as 
needed across €2 (on the counter PC board) 
until 1.35 can be obtained at about the mid- 
point of the rotation of the CAL potentiom- 
eter. (Be sure that the zero adjustinent las 
been properly set previously.) 

The input offset potentiometer (722) on the 
counter module is set next. Put the selector 
switch on ZERO and adjust the front-panel 
ZERO control to obtain an indication of 0.01 
on the display. Place the selector switch on 2V 
and short the input jacks together. The dis- 
play should not change from the 0.01 indica- 
tion. Remove the short, and, if necessary, 
adinst the input offset potentiometer (2) to 
regain the 0.01 indication. Plave the selector 
switch en ZERO and reset the ZERO control 


? Power supply is joined to counter board via plastic 
to get a 0.00 display. . spacers. Make sure both Nixies and the “1” neon 
Obtain a 1% precision resistor with a valne lamp are vertical. Photograph is into viewing plane. 


AT VAC 
6OHr 
‘ONLY 


x 
oO 
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PARTS LIST 
COMPLETE MINI-DVM 


Cl—0.47-nl, 50-volt Mylar cupmcitor (do not 
substitute an electrolytic) 

Di—1.35-V, 10-mA reference diode (Motorole 
MR236}} 

FIA S-umpere fuse ani fuseholder 

H—Neon lamp and overrange lens (A261 
or NE.2) 

J1J2—Banana jack or S-ay binding post 
(one red, one black) 

MI—Power module 

M2—Counter module 

RI—250-ohim linear potentiometer 

R2—1000-ohm linear potentiometer 

R3—12.megohm, ¥-1wutt resistor 

R4—102,000-ohm, 1% precision resistor 

R5—1000-ohim, ¥-watt resistor 

R6—909.000.0hm, 1% precision resistor 

R7—9.09.megohm, 1% precision resistor 

Si—Four-pole, ten-position, non-shorting ro 
tary switch with s.p.s.t snap switch artuched 
2a muke on positions 2-10. 

S2—D.pud.t. slide switch 

Tl—Transformer; primary, 117 V; secondary 
#1,6.3 VCT at $00 mA; secondury #2, 270 
VOT at 40 mA 

Mise.—Cuse with three-way handle: line cord 
wilh strain relief; %" knobs (2): 1" knob: 
dreularly polurised orange viewing filter 
rubber feet (4) mounting and standoff 
hardware; soliler; sleoving; wire; etc. 

Note—The following is availuble from Soush 
west Technical Products, Box 16297. Sun 
Antonio, 1X 78216: complete kit of all 
above parts, #MDVM-K, $69.95; postpaid. 
insurunce extra. Any and all individual parts 
ulso available. 


The two photos above and below show how the 
DVM is assembied within its low-profile case. 
The viewing window should be large enough to 
show the readouts clearly and covered with op- 
tical filter as explained in text, The small 
bracket visible at the rear of the chassis is 
used to wind up the power line, The overrange 
indicator is isolated from the display so as 
to be very eye catching when it comes on. 


/ Tl 


Fig. 10. The overall DVM showing module inter- 
connections. This system is ta be used on 60-Hz 
power only as the counting circuit will have to 
be changed for other power-line frequencies. 
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The various front-end resistors are wired point-to-point directly 
on the switch. This can be done before the switch is mounted, but 
be sure to double check the assembly before installation. Keep ail 
wiring short and make sure no part shorts against the metal chassis. 


between 3200 and 1400 olims. Using test leads, 
connect this resistor to the input jacks. After 
wroing and calibrating, place the selector 
switch in the 2K position, Adjust the @hms 
potentiometer (6) on the counter module 
until the display indientes the exact resistance 
value (in kiloluns), Potentiometers 22 and 
6 will rarely, if ev 

In using the Mini-DVM, allow a minnte or 


The handle is optional if the DVM is mounted 
on a shelf. Otherwise, the handle also serves 
as a tilting support to make the viewing easy. 
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two for warmmp before making any measite- 
ments. Then check both the ZERO and CAL 
positions of the selector switch aud male any 
necessary front-panel adjustments. There is a 
slight interaction between these two controls 
so double check their operation. Calibration 
of the Mini-BVA can always be checked by 
switehing back to the ZER@ and CAL po: 
tions of the selector switch - 
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